16
different efficiencies were analyzed. The concentrations of different vanadium ions were 23 also measured. Both modes allow reaching similar efficiencies and charge/discharge 24 capacities but they do not affect in the same way to the accelerated degradation of the 25 performance of the electrochemical cell. Moreover, the ratio power density/energy 26 density was very comparable for the two operation modes tested in this work. These 27 results indicate that VRFBs are suitable devices for the storage of the electricity produced 28 in photovoltaic solar panels. 29 involved in the charge battery are the following equation 1 On the other hand, the loss of efficiency of RFB during their lifetime is one of the major 86 handicaps for the full-scale application of this technology and this makes necessary to 87 conduct accelerated ageing tests, because it is not practical to spend several months in 88 trying to determine whether or not a RFB material will fail similarly as compared with 89 another. In trying to obtain an accelerated ageing procedure, different strategies can be 90 applied trying to degenerate rapidly electrodes, membranes or current collectors. 91 Typically, there is not only one factor in the degeneration of the RFB but the confluence 92 of several, as it is pointed out in the literature [38] , in which it is stated that overlaid 93 changes in the cathode's TPB (triple phase boundary) and in the special conditions 94 between the two electrodes and membranes are the key responsible of the ageing. As the 95 ageing in real conditions would take several months of operation and we only aimed to 96 observe how the green energy powering can affect the performance of RFB, in the design 97 of the tests we decided to use a membrane with a low performance in order to simulate 98 this ageing, whose choice was based on previous studies carried out in our laboratories.
99
Significance of the membrane degradation in the performance of RFB has been pointed 100 out in recent works [39] in which over the life-tests no chemical changes in the membrane 101 were observed but mechanical and thermal aging of the membrane which lead to the 102 formation of a film at the membrane-solution interface, explaining a high influence on 103 the ageing.
104
For this reason, the authors of this work intend to increase the knowledge about this topic.
105
In this context, the objective of the present work is to compare the performance of a VRFB 106 undergoing an accelerated degradation, during several charge/discharge cycles in which 107 the charging process was made according to a current pattern produced by photovoltaic 108 solar panels, with the performance of the same VRFB, in tests where it was followed a 109 more conventional galvanostatic-charging procedure. The accelerated ageing was 110 obtained by using a membrane that underwent a rapid degradation under the operation 111 conditions reached.
112

MATERIALS AND METHODS
113
In this section, analytical techniques, experimental setup and experimental procedure 114 carried out in this work are described. and plastic materials are exposed to the electrolyte. Moreover, the electrodes were 136 compressed to 50 % from its initial thickness (12 mm initial thickness each electrode) and 137 graphite plates were not mechanized.
138
A commercial vanadium electrolyte was used in this work (Golden Energy Fuel Cell., 
RESULTS AND DISCUSSION
175
As stated before, this work aims at studying the differences found in the performance of 176 a VRFB charged under galvanostatic conditions and with solar panels, during accelerated 177 ageing tests, attained with the use of highly degradable membranes in the VRFB device.
178
In order to do this, solar radiation was monitored for three consecutive days (25 real SOC to improve the knowledge of the behavior of these setups (see Table 2 ). To understand this important degradation of the performance of the VRFB, permeability 276 of the membrane was measured before use and after their use in the three cycles. .
Similarly, V 4+ and V 5+ ions from the positive side can react with the active species in the 299 negative half-cell as [48] according to eqs. 6 to 8. Figure 3 ).
339
In order to get more information about the processes that occurred in each half-cell, the 340 main species in each compartment of the battery were analyzed by UV-visible. Figure 7   341 shows the evolution with time of VO 2+ and V 3+ ions, in the positive half-cell compartment 342 and negative one, respectively.
343
As it was expected, there was a decrease of species during the charge stages and an 344 increase during the discharge one, because the V 4+ and V 3+ ions are the reactive species means that the battery is full charged, and values around 0 mean that is totally discharged.
367
The obtained values are shown in Table 2 . that the battery was coupled with the renewable energy supply (see Figure 5 ). Thus, it 378 seems that the solar radiation profiles (i.e. when not a constant current is supplied) 379 produce higher values of V 5+ ions and lead to higher values of SOC in the positive 380 compartment.
381
On the other hand, it is known that the corresponding loss in capacity with cycle number 382 is a function of the charge and discharge current and the relative magnitude of the mass 383 transfer coefficients of the four vanadium ions [52] .Taking into account that the same 384 discharge current was applied to the both modes studied in this work. Since in the 385 operating mode simulating the solar profile charge i.e the current applied was non 386 constant, it is clear that this parameter has a great influence on the stability of the battery.
387
It is also known that the net transfer of vanadium is caused by the concentration difference 
